response has yet to be quantified. This paper uses the Free Primary Education (FPE) program in Kenya to examine the impact of the nationwide elimination of public school fees on access and achievement outcomes of students in eighth grade (the final grade of primary school) and on system-wide outcomes, such as sorting and private school entry.
In January 2003, the Kenyan government abolished all fees in public primary schools. While the government was lauded internationally for eliminating fees, reports of a strained public school system struggling to absorb new students without additional teachers or classrooms began to surface in the popular press shortly after the start of the program (e.g., Murphy 2003) . These concerns were amplified by additional reports of overcrowding at previously prestigious public primary schools. For instance, Sanders (2007) described the impact of FPE on Olympic Primary School in Nairobi. Prior to the FPE program, Olympic Primary was consistently among the top-performing public schools in the country. In 2002, total school enrollment was about 1,700 students. In the first year of FPE, 3,000 new students sought enrollment. As a result of its mandate as a public school to accept as many students as possible, the average class size rose to about 84 students in 2007, almost double the pre-program level, and its academic performance declined.
While FPE programs could significantly increase the number of economically disadvantaged students who enroll and complete primary school, the above reports highlight some of the adverse consequences such programs can have on the quality of the public school system, such as increasing the pupil to teacher ratio and generally reducing the resources available per child. Additionally, FPE could spur the movement of richer or higher ability peers into private schools (Hsieh and Urquiola 2006) . This, in turn, could lower peer quality and, subsequently, achievement in the presence of positive peer effects. Within-district heterogeneity could augment the desire by some groups to sort into private schools (e.g., Fairlie and Resch 2002; Betts and Fairlie 2003; Hsieh and Urquiola 2006; McEwan, Vegas, and Urquiola 2008) . Finally, such a large policy change could induce a private school supply response, further promoting sorting and stratification, while ameliorating school supply constraints. Overall, the combination of these effects would be reflected in the number and composition of students in public and private schools and in their scores on the primary school exit exam.
We identify the impact of FPE on student and system-wide outcomes by exploiting its effective differential impact across Kenyan districts, where the magnitude of the impact in each district is proportional to the dropout rate prior to the policy change.
1 Intuitively, the policy should have little to no effect in a region where there was 100 percent retention rate (or a 0 percent dropout rate) prior to the policy, and considerably greater impact in regions with the lowest retention rates. Under this assumption, we identify the effect of the program using a difference-in-differences strategy, comparing the outcomes before and after the policy change across regions differentially affected by the program. We further employ the same identification strategy in a changes-in-changes framework (Athey and Imbens 2006) to estimate the effect of FPE on achievement across the distribution of test scores. Based on this analysis, we find that the program successfully increased student access, particularly for poorer students, and led to only small score declines for the students who would have graduated without FPE, even though public school capacity did not increase. Consistent with the popular press, we find the largest increases in demand for (pre-FPE) high-quality schools, such as Olympic Primary. We also find some suggestive evidence of sorting by socioeconomic status as the demand for private schooling was higher in districts with greater inequality. Additionally, we find that FPE led to an increase in the supply of private schools, which perhaps alleviated some of the pressure on the public school system. Overall, our findings suggest that, in contrast to the well publicized reports, the FPE program was welfare enhancing as it provided primary school access for a significant number of children without substantially compromising the quality of the education system in the short run.
Our findings are consistent with prior studies that found that a variety of programs such as school construction or conditional cash transfers were effective at boosting enrollments, especially for poor children or children in underserved regions (e.g., Duflo 2001 in Indonesia; Schultz 2004 in Mexico; and BarreraOsorio, Linden, and Urquiola 2007 in Colombia) . The existing research on free primary education programs in sub-Saharan Africa has mostly relied on crosscohort differences in exposure, potentially attributing unrelated changes over time to the free education program. In general, these papers found that FPE programs increased enrollment, especially among poorer students, and reduced the incidence of delayed primary school entry (Deininger 2003 , Grogan 2009 and Nishimura, Yamano, and Sasaoka 2008 in Uganda; and Al-Samarrai and Zaman 2007 in Malawi) . A recent paper on the impact of Kenya's FPE program by Bold et al. (2010) also examined the extent to which the program reduced the perceived public school quality and led to the movement of more affluent students from public schools to private schools. However, their analysis relied on a number of strong identifying assumptions. Overall, these papers alluded to the potential tradeoff that many developing countries face between increasing educational access and increasing educational quality. However, they did not address the impact of these programs on the joint outcomes of access, sorting across public and private schools, private school entry, and student achievement.
Our identification strategy, exploiting the differential intensity of the nationwide program across districts in Kenya, enables us to observe general equilibrium effects that typically do not occur under local, randomized experiments. Our methods capture the total short-run effects of the program and can provide a more complete assessment of the total costs and benefits of similar programs under consideration or implemented elsewhere. As other African countries move toward national fee reduction and elimination plans, an accurate estimation of the effects of a similar program provides crucial information that can guide future policy decisions. Furthermore, the general equilibrium effects induced by the program have important implications for educational policy throughout the world.
I. Primary Education in Kenya
Kenyan education follows an 8-4-4 system with eight years of primary education, four years of secondary education, and four years of university education. Primary school in Kenya consists of grades (standards) 1-8. In order to earn a primary school diploma, students must take the national primary school exit exam, the Kenya Certificate of Primary Education (KCPE), after the completion of grade 8. Almost all students who complete grade 8 take the KCPE.
2 Students are eligible to start grade 1 if they are at least 6 years of age at the start of the school year in January. Even though almost all children attend at least some primary school, delayed entry, grade repetition, and dropping out are common. (Wax 2003) . These fees paid for all tuition, textbooks, supplies, and construction and maintenance of physical facilities. The government allocated and paid for teachers through the Teacher Service Commission. Ninety-nine percent of public spending at the primary level was devoted to teacher salaries (World Bank 2004) .
While most primary schools in Kenya are public, the number of private schools has recently increased. In 2007, 11 percent of primary schools in Kenya that administered the KCPE were private, up from 5 percent in 2000. Based on calculations from the 1997 Welfare Monitoring Survey, students in private schools were from wealthier households, and had better educated parents than students in public schools. The quality and cost of private schools vary. Low-cost private schools cater to the poor and are often found in urban slums. These schools charge approximately KSh1,200 (approximately US$16) per year, which put the cost on par with the pre-FPE program cost of public schools (Tooley 2005) . On the other end of the spectrum, some private schools that catered to richer households cost $4,000 per year (Bauer, Brust, and Hubbert 2002) . With the exception of those in low-cost private schools, teachers in private schools earn higher salaries than their public school counterparts. Public school teachers earn approximately $2,000 per year, whereas teachers in private schools could earn three times as much (World Bank 2004; and Bauer, Brust, and Hubbert 2002) .
One of the first priorities of the Kenyan government elected on December 27, 2002 was the elimination of school fees for all public primary schools. The FPE program eliminated all such fees as of the start of the school year in January 2003. As a part of the fee elimination scheme, schools were granted KSh1,020 (approximately US$14) per pupil to cover the formerly collected school fees. 4 As with the formerly collected fees, this funding supported physical facilities and textbooks.
II. Empirical Strategy
FPE was implemented simultaneously across the entire country in January 2003. Simply comparing outcomes before and after 2003 would not identify the impact of FPE, as it would attribute all nationwide changes in primary school outcomes to the program. To overcome this concern, this paper exploits the pre-program differences in the grade-specific dropout rates between districts to examine the educational outcomes of eighth grade pupils. Even though the program was nationwide, the effective intensity of the program for a district in a given year depends on the number of students who could have been induced by the FPE to complete primary school. Thus, the effective program intensity varies both by district and by year, based on the grade-specific dropout rates in different districts. Due to data limitations, our analysis is focused on students in eighth grade, the final year of primary school. Since all the students in our data started primary school at least three years prior to FPE, the program will mainly affect their primary school completion by preventing attrition.
5 Therefore, we are only able to examine the short-run effects of the program on completion, sorting, and achievement of students who had already completed some primary school pre-FPE. Hence, our estimates do not provide the total impact of the program, which would include the impact of new students entering primary school in addition to the effect on retention that we are able to examine.
To estimate the effect of FPE, we rely on a difference-in-differences specification:
(1) (1) at the district-school type-year and school-year level to examine the impact of the program on the number of students who take the KCPE (our measure of student enrollment and primary school completion), the parental characteristics of enrollees, new school construction, and teacher employment.
FPE could alter the distribution of KCPE scores because of changes in the composition of students who took the exam and in the quality of educational inputs. We examine the impact of the FPE program on the entire distribution of test scores using the changes-in-changes (CIC) model of Athey and Imbens (2006) . The CIC is a generalization of the difference-in-differences estimator that allows us to compute the entire counterfactual distribution of the program under a set of plausible assumptions. Intuitively, instead of comparing means as in a difference-in-differences specification, this method first nonparametrically estimates the change in the entire test score distribution of the control group pre-and post-intervention. The counterfactual for the treatment group is then identified under the assumption that the treatment group's test score distribution would experience a similar change in the absence of treatment.
Following the standard potential outcome framework, we denote scor E i N and scor E i i as the potential test score for an untreated (N) individual i and a treated (i ) individual i, respectively. We employ the standard 2 × 2 CIC estimator, with two time periods ( t i ∈ {0, 1}, i.e., pre-FPE and post-FPE) and two groups ( G i ∈ {0, 1}, i.e., control and treatment). Since our intensity measure is continuous, we create a binary treatment indicator by defining all districts with an intensity above the average as "treated" and those with an intensity at or below the average as "untreated."
The following assumptions are necessary to identify the effect of FPE using the CIC method. First, we assume that the potential test score for an untreated individual (scor E i N ) is a function of ability and the time period in which the test was taken i.e.,
where u i is the unobserved (test-taking) ability of a student who took the KCPE, and t i is the time period. As h() does not vary by group, all differences in test scores are due to differences in the realizations of u i (denoted as u). Second, the CIC framework requires that the distribution of (test-taking) ability ( u i ) be time invariant within each group:
This assumption imposes the restriction that the composition of the group (i.e., the distribution of ability within a group) does not change over time. Third, the CIC imposes a strict monotonicity assumption, where the production function h( u i , t i ) is strictly increasing in u, which allows inference concerning the change in the production function over time. Finally, the CIC framework requires the following support condition for the distributions of u in the post-period, u i, 1 , and in the pre-period,
Under these assumptions Athey and Imbens (2006) show that the unobserved counterfactual CDF of the treatment group in the post-treatment period, F scor E N , 11 , can be obtained by the following transformation, which can be estimated using empirical distributions:
where F scorE, 10 is the CDF of the test scores of the treatment group pre-FPE; F scorE, 01 is the CDF of the control group post-FPE; and F scorE, 00
is the inverse CDF of the control group pre-FPE. The treatment effect, τ cic , at any quantile q can then be computed as
i.e., the difference between the inverse CDF of the treated group post-FPE ( F scorE, 11
) and the estimated counterfactual inverse CDF ( F scor E N , 11
), both evaluated at the same quantile (q).
We control for covariates following the parametric approach suggested by Athey and Imbens (2006) . We estimate
where scor e i is an individual's KCPE score;
′ is the vector of group and time effects; and X i is a vector that contains district dummy variables and district specific linear trends. We then subtract the estimated effects of the X i vector from each scor e i to construct residuals that still contain the group-time effects ( D i ):
We apply the CIC estimator in equation (5) to the empirical distribution of these "adjusted" residuals. In order to apply the CIC to our setting, we need to make a few adjustments to the data to ensure that none of the CIC assumptions are violated. The time invariance assumption stipulates that unobserved (test-taking) ability is fixed within each group over time. However, since FPE changes the composition of students who take the KCPE, this assumption would be violated. Since we cannot identify the students who progressed to eighth grade as a result of the FPE program, we employ a trimming procedure similar to Lee (2009) . We assume that the students who take the KCPE because of FPE are the worst performing public school students and exclude them from the analysis. The number excluded is based on our estimates of the predicted number of FPE induced students from equation (1). As long as the "new students" scored anywhere below quantile q * , then we can use the CIC to examine the impact of the program on the distribution of test scores at or above quantile q * .
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As FPE can also lead to students sorting into different types of schools, we follow an approach analogous to Hsieh and Urquiola (2006) , where we examine the impact of the program on the overall test score distribution rather than examine the public and private school test score distributions separately. This circumvents the empirical complications that arise from student sorting between different school types, albeit in an imperfect fashion. By truncating the distribution as described above, we effectively control for the compositional changes in the student population induced by FPE. Therefore, the effect of FPE on test scores that we estimate would be net of compositional changes and only capture changes in achievement related to changes in schooling inputs (e.g., crowding or teacher or peer quality). Moreover, we can interpret these estimates as the effect of FPE on the individuals who would have taken the KCPE test regardless of the FPE program.
III. Data
We define the market for primary schooling as a district. Ninety percent of students attend school within their district of permanent residence (RePEAT 2007). Furthermore, the district is the finest level of disaggregation that is used for administrative and planning purposes by the Ministry of Education. According to the 1999 census, the 69 districts in Kenya had an average population of 407,980, an average population of individuals aged 6-18 of 144,260, and an average size of 8,416 k m 2 . We use several sources of data to evaluate the short-run effect of FPE in Kenya. We combine the administrative records of the Kenya National Examination Council, data from the Education Management Information System (EMIS) of the Ministry of Education, and 4 data sources collected by the Kenyan National Bureau of Statistics (the 5 percent IPUMS samples from the 1989 and 1999 Kenyan Censuses, the 1997 Welfare Monitoring Survey (WMS), and the 2005/2006 Kenya Integrated Household Budget Survey (KIHBS)).
The Kenyan National Examination Council records contain student level KCPE scores for all test takers in Kenya from 2000 to 2007 (approximately 5 million students). Information on individual and school attributes is limited to the test taker's gender and school type and category (private or public, boarding or day, singlesex or coeducational, urban or rural). Using the examination data, we compute the number of test takers for each school and generate the empirical CDFs for the CIC estimator.
9 Since school rankings based on test scores are published in the newspaper for each district, we test for differential responses to FPE by pre-FPE school quality (i.e., the 2002 school average KCPE score).
Over this period, the number of schools administering the KCPE increased from 15,177 to 19,765, resulting in a sample of over 139,000 observations at the school by year level. Only schools that are registered testing centers appear in our data. In order to become a registered testing center a school must register at least 15 students for the KCPE in its first year as a testing center. Once a school is registered, the number of students taking the exam in subsequent years can fall below 15. Students who attend schools that are not registered testing centers take the KCPE in a nearby school that is a registered testing center. As a result our data capture all the graduates and test scores, but potentially understate the total number of schools. Since the registration regulations have been in effect for all years of our data, the potential undercounting of schools should be consistent over time and unrelated to the FPE program. For simplicity, we refer to "schools" instead of "testing centers" throughout the paper. Table 1 shows selected summary statistics.
We link the test score information to the EMIS database, the WMS, the KIBHS, and the censuses at the district level. The EMIS data contain school-level information on student enrollments and teachers in public schools. Unfortunately, the system is not fully updated, and we were only able to obtain this information for 2001, 2003, and 2004 . The 1997 WMS and the 2005 KIHBS, two nationally representative household surveys, contain basic demographic information, parental characteristics, and the type of school the individual is currently attending. Unfortunately, we cannot link these surveys to the test score data at the individual or school level. Instead, we use these repeated cross sections to examine the changes in the household characteristics of students in private and public schools due to FPE. Additionally, we use the WMS to determine the district level variation in household expenditures and poverty rates that we use in some specifications.
Our final sources of data are the 5 percent IPUMS samples of the 1989 and 1999 Kenyan Censuses. From these data, we compute our measure of intensity (discussed below). We also use the 1999 census to measure district-level unemployment, population growth, and the number of individuals who did not complete grade 1, three measures that we use to check the robustness of our main results.
A. computation and measurement of intensity
We use the 5 percent IPUMS sample of the 1999 census to calculate a separate effective FPE intensity, intensit y jt , for each district-year from district-level completion rates for each grade prior to the program. 10 Prior to the introduction of FPE in 9 The number of test takers is an approximation for the number of students enrolled in grade 8. Due to data limitations we are only able to compare the ratio of test takers to the number of students enrolled in eighth grade at district level for students in public schools. This ratio is close to one for all district-years, suggesting that almost all eighth graders take the KCPE test. Additionally, regression estimates show that the percentage of test takers is not a function of our program intensity measure, mitigating concerns about the program changing the nature of selection into the test. Results available upon request. 10 Because of the timing of our test score data (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) and the program start date (2003), our measure of intensity is designed to capture changes in transition rates between grades, not entry of students who had not 2003, for every 100 students who started primary school, only 53 completed primary school, with attrition occurring between each grade (calculation from 1999 census). Panel A of Figure 1 demonstrates this pattern for a hypothetical cohort. Intuitively, the effective intensity of the program is increasing with the number of students that could be induced by the program to complete primary school relative to the number who were completing it already.
Before FPE, the intensity in all districts was 0 as no student who took the exam in those years attended primary school as a result of the FPE program (i.e., intensit y jt = 0 for t < 2003). The students who took the exam in 2003 were subject to FPE starting in January 2003, during the transition between grades 7 and 8. Students who would have dropped out between grades 7 and 8 could be induced to stay in school by the fee elimination. Within a district, we specify the effective intensity of FPE as the potential proportional increase in the number of students in grade 8 if the students who completed grade 7, but dropped out between grades 7 and 8 pre-FPE, continued to grade 8 (i.e., the number of dropouts between grades 7 and 8 divided by the current eighth grade cohort). This is equivalent to calculating the proportional increase in the test-taking cohort if attrition (or dropout) rates for the cohort were set to zero starting in 2003. Ideally we would use data from 2002 to construct our intensity measure. As a close approximation, we use the 1999 census. We start with the number of individuals previously attended primary school. FPE also changed school entry decisions. Since all students, regardless of age, start primary school with grade 1, students who entered school in 2003 would not be taking the KCPE until 2010 at the earliest. 11 We do not know the exact number of students who dropped out as a result of fees prior to the program. Our measure provides an estimate of the maximum impact that the program could have. who are younger than 18 and who completed each grade in a given district. 12 We then compute the number of individuals that dropped out after completing a given grade by subtracting the number of individuals who completed primary school or are still in primary school. The intensity in a given district is the number of students who would have dropped out divided by the size of the grade 8 cohort. Table A1 displays the detailed sample calculation for Homa Bay, a district of average intensity. Based on our calculations, there was a high degree of variation between districts in the effective intensity of FPE. Pre-FPE in the relatively wealthy farming district of Muranga, the vast majority of students who completed grade 7 continued on to grade 8. In the first year of FPE, the effective intensity of FPE for Muranga is 0.099, indicating that if all students who completed grade 7 sat for the KCPE, the number of test takers would increase by 9.9 percent. In contrast, there was a high degree of attrition pre-FPE between grade 7 and grade 8 in Malindi, a coastal district with a large tourist industry, with a potential increase in the number of test takers of 70.7 percent if all students who completed grade 7 pre-program went on to sit for the KCPE. Therefore, even though the program was nationwide, FPE had the potential of a larger impact in Malindi, where there was a higher degree of attrition prior to the program. Table A2 contains the calculated intensity measures for each district-year.
While we use a continuous intensity measure for much of our analysis, the CIC methodology we employ to analyze the FPE induced changes in the distribution of test scores requires us to use a dichotomous intensity measure. We define two groups for our CIC analysis: a "treatment group" (or a high program intensity group) that are districts where the intensity is above average, and a "control group" (or a low program intensity group) that is defined conversely.
Because we are using dropout rates from 1999, an additional assumption is that any changes in attrition patterns that occurred between 1999 and 2002 are uniform across the country or uncorrelated with prior attrition. Country-wide changes in attrition patterns will be absorbed by year fixed effects. To test for differential changes in 12 We use age 18 as the cutoff, since almost everyone who completes primary education does so prior to age 18. We include younger cohorts as their educational experience occurred closer in time to FPE. attrition patterns, we compare the intensity ratios calculated from the 1999 census to ones calculated from the 5 percent IPUMS sample of the 1989 census. We find that the correlation between these measures is 0.80, suggesting that the ratios had been relatively stable for the previous 10 years. Therefore, with no compelling reason to think that these ratios changed in the three years after 1999, we feel that this is a valid assumption. This year-and district-specific intensity measure is well suited for our analysis since retention is the main channel through which FPE would affect grade 8 completion prior to 2010. Other possible measures, such as the pre-program, nonenrollment rate and pre-program school fees, capture the total enrollment effects of FPE (new entrants plus retained students) and would not accurately capture the potential impact of the program on students who took the KCPE from 2003 to 2007. While we argue that our measure is better suited for our analysis, there are some potentially important concerns that arise. First, this measure could be driven by initial pre-program school quality, where districts with poor quality schools have higher dropout rates. Additionally, there may be other contemporaneous programs that were instituted in a manner that is correlated with our intensity measure. Another potential concern is that this intensity measure reflects changes in population growth over time. In order to mitigate these concerns, we perform a number of robustness checks to ensure that our results are not spurious. Overall, we find that our baseline results are robust to all of these checks and discuss these results in more detail in Section V. Table 1 provides suggestive evidence of the impact of FPE on student access. Overall, the total number of schools and test takers increased after FPE was introduced in 2003. Even with school construction, the increase in the number of test takers per school shows the potential for the deterioration of public school quality. Over this period the average KCPE score increased slightly even though the average score of students who took the test in public schools decreased. Figure 2 plots the total number of test takers in the country. The dashed line is the linear trend based on the 2000-2002 data. The number of students post-FPE exceeds the number predicted by the pre-FPE trend. Figure 3 shows that this increase in total students had a differential effect on the per school cohort size for public and private schools. Prior to 2003, the average number of test takers per school was similar for public and private schools. However, after the introduction of FPE, the number of test takers per public school increased, and the size of private school cohorts decreased, such that by 2007 the average test taking cohort in a public school was 17 percent larger than in a private school.
IV. Results

A. sorting across schools
The estimates of equation (1) are shown in column 1 of Table 2 . As expected, the number of test takers increased more in districts that were more intensely treated by the program. The average value of our intensity measure post-FPE is approximately one, indicating a 100 percent potential increase in the number of test takers, or a doubling in the number of test takers. At this intensity, the number of test takers in the average district is expected to increase by 690 test students, with 776 more students in public schools and 86 fewer students in private schools. The change in the number of public school test takers is statistically different from zero, but the predicted private school change is not. These estimates imply that FPE increased the number of test takers by 3 percent in 2003 and 18 percent in 2007, all relative to 2002. We estimate equation (1) at the school-year level in column 2. These results show that the average number of test takers per public school increased by almost 3 students in the average district, an increase of 10 percent over pre-FPE levels. The predicted change in the average number of test takers per private school is positive but not statistically significant. The program could differentially affect schools of varying (pre-program) quality. The case of Olympic Primary School in the introduction highlighted the potential for FPE to generate excess demand for (pre-FPE) high-quality public schools. In contrast, the impact of FPE on high-quality private schools would depend on their ability to practice selective admissions (or "cream-skimming") and on the trade-off between limiting access and generating profits. The results in column 3 suggest that parents overwhelmingly tried to enroll their children in high-performing public schools.
13 Within a district, highly-ranked public schools saw the largest increases in 13 To examine any differential effect by school quality, we classify schools based on the average school score in 2002. We create three different quality designations at the district level: top 10 percent of schools, middle 80 percent of schools, and bottom 10 percent of schools. Our classification of schools into the three tiers is rather arbitrary. In results not shown, we consider two additional specifications. First, in a more flexible specification, we interact the pre-FPE average KCPE score directly as the triple difference specification. Second, we categorize schools as top Notes: Standard errors clustered at the district level appear in parentheses. All regressions include the district linear trends and district times school type and year dummy variables. Column 1: the unit of observation is a districtschool type-year. Columns 2 and 3 include urban and boarding school dummy variables. The unit of observation is a school year. *** Significant at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level.
the number of the test takers. In a district with average intensity, top-ranked public schools would receive 7.4 additional test takers (a 21 percent increase relative to 2002), middle-ranked public schools would receive 2.6 additional test takers (an 8 percent increase), and low-ranked public schools would only gain an additional 1.5 test takers (a 5 percent increase). Top-ranked private schools would gain about 7 additional test-takers (a 21 percent increase), while the number of test takers in lowranked private schools would decrease by 1.1 students (a 3 percent decrease). This decline could indicate movement of these students to free public schools, or a move to better-ranked private schools. We use data from the 1997 WMS and the 2005/2006 KIHBS to examine changes in the observable characteristics of students in public and private schools. Because the surveys do not contain comparable income measures, we focus on the parental education of primary school children as a measure of student SES. Specifically, we estimate equation (1) as a linear probability model with a binary measure of parental literacy as the dependent variable and a primary school student as the unit of observation. The estimates of β 1 and β 2 capture the FPE-induced changes in the socioeconomic status of students in each school type. The results in Table 3 show that the parental literacy of public school students declined in higher intensity districts as FPE allowed students with less-educated parents to take the KCPE. Based on this measure of SES, we do not find any significant change in the composition of students in private schools.
14 The net effect is a widening of the gap in SES between public and private schools. 15 25 percent, middle 50 percent, and bottom 25 percent in the triple difference specification. In all cases, we obtain substantively similar results.
14 Parental literacy may fail to capture the level of parental education at which students sort between public and private schools. 15 We reject the hypothesis that the estimates across school types are equal within columns 1 and 2, however, we fail to reject this hypothesis within columns 3 and 4. We explore the potential for "rich flight" from public schools to private schools as a result of the FPE program. Assuming a parental concern for peer groups, parents would have greater incentives to leave the public school system in more heterogeneous districts. We use the variance within a district in per capita annual expenditures calculated from the 1997 WMS to examine this possibility in columns 1 and 2 of Table 4 using a triple difference specification. Consistent with the "rich flight" hypothesis, we find that the FPE program led to increased demand for private schooling in districts with a higher expenditure variation.
The potential for student sorting across schools could also be greater where there is a greater density of schools. Our only indication of population or school density is the designation of a school as "urban" in the test score data. We use this "urban" school indicator in a triple difference specification shown in columns 3 and 4 of Table 4 . In column 3, the 18 districts with at least one urban school are classified as "urban." In column 4, we use the school-specific urban indicator. While the point Notes: Standard errors clustered at the district level appear in parentheses. All columns include year and district times school type dummy variables and district linear trends. Columns 1 and 2: districts with high variation in expenditures are those with higher than median standard deviations in total household expenditures calculated from the 1997 WMS. Columns 2 and 4: include urban and boarding dummy variables. Column 3: the 18 urban districts are those with any schools labeled "urban" by the National Examination Council. Column 4: urban designation at the school level from the National Examination Council. *** Significant at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level.
estimates indicate that urban schools had larger increases in students relative to rural areas, these differences are not statistically different from zero.
B. school market response
One potential market response to the increase in the number of students due to FPE would have been the construction of new schools. As shown in Table 1 , the number of schools that administered the KCPE was higher after FPE. To test whether these schools entered the market in the districts with the greatest FPE intensity, we estimate equation (1) using data aggregated to the district level with the number of newly opened schools as the dependent variable.
16 Therefore, the coefficient of interest is on intensit y jt instead of the coefficient on the interaction of intensit y jt times publi c sj . As with our baseline specifications, we include district dummy variables, district linear trends, and year dummy variables. The results in columns 1 and 2 of Table 5 show that total school construction (both private and public) was not responsive to contemporaneous or lagged FPE intensity. 17 However, when we focus only on newly opened private schools in columns 3 and 4, we see that private schools did respond to FPE by opening an average of three additional schools each year in a district of average intensity. In contrast, columns 5 and 6 show that public schools construction was not related to FPE intensity. This suggests that non-FPE related factors, such as the level of community organization (Kremer 2006) or other political considerations, were more important in determining the location of the 1,374 public schools opened from 2003 to 2007.
School construction is not the only potential market response. Existing schools could expand through the addition of teachers. Using EMIS data collected by the 16 We approximate the opening date of a school as the first year in which a school administered the KCPE. Without data from prior years, we must omit data from 2000 as we cannot separate newly opened schools from continuing schools. 17 The results are similarly insignificant for specifications up to four lags (i.e., school openings in 2007 responding to FPE intensity in 2003). Results not shown. Ministry of Education, we estimate the equivalent of equation (1) with the total number of primary school teachers as the dependent variable. Due to data limitations, we only have data for public schools and for the years 2001, 2003, and 2004. 18 Thus, the coefficient on intensit y jt is the coefficient of interest in these regressions. These results show that teachers were allocated differentially based on the FPE intensity ( Table 6 , column 1). However, between 2001 and 2004, the total number of public school teachers in Kenya fell by 3 percent. While districts with higher intensities were less affected by the nationwide decline in teachers, the only districts with an expected increase in the number of teachers are the 6 districts in 2004 with an intensity greater than 1.03 (i.e., the ratio of the coefficient on the 2004 year dummy variable and the coefficient on intensity). Some of the overall decline was due to resignations, retirements, and transfers to private schools by some of the more highly qualified teachers in response to deteriorating working conditions after FPE (Sanders 2007) . There is also some evidence that more qualified teachers were moved to secondary schools, where the shortage of qualified teachers was even more acute (Mills 2009) . Combined with the increases in student enrollments in public schools, these teacher movements resulted in an increase in the student to teacher ratio by over 7 students (a 26 percent increase relative to the average in 2001) in a district of average intensity (column 2).
C. Achievement Figure 4 shows the average standardized KCPE score by school type from 2000 to 2007. Average KCPE scores in public schools were declining prior to FPE and continued this downward trend following the introduction of the program. Average scores in private schools reveal a striking increase that coincided with the introduction of FPE. Because private schools were a relatively small part of the market, based on a 18 Because 2001 is the only pre-FPE year in these data, we do not include district linear trends. simple difference in the pre-and post-FPE academic performance, we find that average scores increased by 0.0004 standard deviations (Table 1) . However, as previously discussed these simple comparisons do not differentiate districts based on the effective FPE intensity. Even performing an analysis using equation (1) with test scores as the dependent variable would not be sufficient to understand whether test scores changed because of a deterioration in inputs (e.g., peer effects, crowding, or teacher quality) or an altered composition of students (i.e., lower achieving students taking the KCPE). We estimate the impacts of the FPE program on various quantiles of the overall district-level KCPE score distribution that includes both private and public school students. We examine the impact on quantiles at and above the median, approximating the score changes for students who would have taken the exam regardless of the program. As explained in Section III, since we removed close to 260,000 students (roughly 16 percent) from the post-FPE group in order to compare fixed ability distributions and implement the CIC methodology, examining these higher quantiles will yield the most reliable estimates. Table 7 displays the CIC estimates on the quantiles at and above the median. The results show that the treatment effect (on the treated) at the median is small, positive, and not statistically distinguishable from zero. However, at higher quantiles, we find that point estimates on the impact of the program are consistently negative but never more than 0.051 of a standard deviation in absolute magnitude. The estimates show that the program reduced test scores of the students who scored in the seventy-fifth and eightieth percentiles by about 3 percent of a standard deviation. Overall, these point estimates imply that students who would have taken the exam in the absence of the FPE in an average intensity district would score between 0 and 5 percent of a standard deviation lower as a result of the program. Therefore, our results suggest that FPE increased student access but only lead to minor decreases in student achievement for the students who would have completed primary school without the program. 
V. Robustness
A potential concern with our results is that they may be driven by other programs that are correlated with our measure of FPE intensity. In 2003, the government created the Constituency Development Fund (CDF) that distributed funds based on the incidence of poverty within a district to projects aimed at alleviating poverty. If districts with a high effective FPE intensity also received larger CDF funds, then our estimates may have overestimated the attendance response and underestimated the adverse achievement effect of FPE. To examine this, we include an interaction between the proportion of households that are under the poverty line from the 1997 WMS, the same survey data that determined the CDF allocation, with year dummies as additional regressors. Columns 3 and 4 of Table 8 and column 2 of Table 9 show that our results are robust to the inclusion of the poverty-time interactions, suggesting that our results are not driven by other contemporaneous anti-poverty programs.
Other government programs could have targeted districts with the highest unemployment rates. In columns 5 and 6 of Table 8 and column 3 of Table 9 , we interact the district-level unemployment rate as calculated from the 1999 census, with year dummy variables as additional controls. Our results are robust to these inclusions.
Differential population growth could bias our results. In columns 7 and 8 of Table 8 and column 4 of Table 9 , we include the size of the 14-year-old cohort based on the size of the relevant age group in the 1999 census, and find estimates similar to the baseline.
Since our intensity measure is derived from district-level dropout rates, a possible concern is that districts with lower-quality schools had higher dropout rates Notes: Standard errors clustered at the district level appear in parentheses. All regressions include district times school type, public school, and year dummy variables and district linear trends. Even columns include urban and boarding school dummy variables. Column 1: Table 2 , column 1. Column 2: Table 2 , column 2. Columns 3 and 4: percent of households in a district below the poverty line in 1997 (calculated from the 1997 WMS) times year as an additional control. Columns 5 and 6: district unemployment level (calculated from the 1999 Census) times year dummy variables as additional controls. Columns 7 and 8: number of 14-year-olds in a district (calculated from the 1999 census) as an additional control. *** Significant at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level. and therefore would have higher intensit y jt . As a result, we could overestimate the negative impact of the FPE on achievement. To address this concern, we use the average district-level pre-FPE test score as a measure of initial district-level school quality. We interact this quality measure with year dummies and include them as controls in our regressions. Assuming that the pre-FPE test score is a good measure of quality, this interaction allows districts of different initial school quality to have different trajectories. We find that our results are robust to the inclusion of Tables 8,  10 , and 11. *** Significant at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level.
these controls, suggesting that differences in initial school quality do not drive our results (columns 3 and 4 of Table 10 and column 5 of Table 9 ). In a district with low quality schools, KCPE scores might not reflect the quality of instruction because students might not start school. As an alternative measure of quality, from the 1999 census, we calculate the percentage of 16-18-year-olds in a district that did not complete grade 1 and interact this with year dummy variables. Columns 5 and 6 of Table 10 and column 6 of Table 9 show that our results are robust to the inclusion of these controls. The entry of new schools over this period could affect the school-level results. As a robustness check we re-estimate the coefficients using a balanced panel of schools. We find that the results in column 7 of Table 10 are not significantly different from our baseline.
As additional checks in columns 3 and 4 of Table 11 , we include the interaction of district dummy variables with an indicator for "post-FPE" (t ≥ 2003) to control for endogeneity in the change in the initial level associated with our effective intensity.
19 Thus, we are identifying the effect of FPE off of the value of intensit y jt from 2003 to 2007, controlling for the level change from 2002 to 2003. In columns 5 and 6 of Table 11 and column 7 of Table 9 , we include interactions between province dummy variables and year dummy variables to control for any differences between provinces from one year to the next. In these specifications, we are identifying the FPE effect from differences in the dropout pattern between districts within 19 We are not able to perform this check on our KCPE score results because our measure of intensity does not vary by time in the changes-in-changes framework. the same province. Further, these variables help control for any differences that may be driven by the change in the flow of resources to different regions as a result of the change in political regimes in 2003. Overall, we find that the results are robust to inclusion of all these controls. Finally, in columns 7 and 8 of Table 11 and column 8 of Table 9 , we examine the impact of a fake intervention in 2002, when no actual intervention took place, and replicate our analysis using data from 2000 to 2002 only. We find no impact of the fake program on the number of students, and our CIC estimates find positive impact of the program on test scores, suggesting that our results are not spurious.
VI. Conclusions
At the start of the 2003 school year, Kenya's Free Primary Education (FPE) program eliminated school fees in all public primary schools. We find that this program increased the number of students who took the primary school exit exam (the KCPE) in public schools, reflecting an increase in educational access. The program especially increased primary school access for poorer students, and increased the demand for private schools in districts with greater inequality. The public school capacity, as measured by the number of teachers or school construction, did not increase, leading to the deterioration of the student to teacher ratio in public schools. We do find that the supply of private schools increased in response to the program. In contrast to the media reports that raised concerns about FPE overwhelming the public school system, we find, based on our changes-in-changes estimates, that the program had only a small negative impact on the achievement of students who would have completed primary school even in the absence of FPE. We hypothesize that the adverse effects of FPE were mitigated by the substantial private school supply response. Overall our findings suggest that in the short run, the FPE program improved welfare, as it led to significantly increased primary school completion with only a modest reduction in test scores among those who would have completed primary school in the absence of the program. However, the long-run (or full) impact of the program will not be known until we are able to observe students whose entire primary experience occurred during the FPE regime. The estimated effects presented in this paper are relevant for students who entered primary school in or before 2000, three years prior to FPE. Additionally, as the effects of declining school input quality and the equilibrium level of sorting may not be observed for some time, FPE could have a very different impact in the long run. Therefore, appropriate policies that encourage continued quality and leverage the private school market should be implemented to ensure that educational quality is not compromised in the long run. 
